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ABSTRACT
HEXAFLUOROTANTALATE (V) -SELECTIVE LIQUID MEMBRANE
ELECTRODE BASED ON BRILLIANT GREEN

BY
NEGUSSIE MEGERSA

Research Advisor; Dr B.5. Chandravanshi

Brilliant Srzen-hexafluorctantalate{V} extract in nitrobenzene
was used to prepars hexafluorotantalate(V) liquid membrane electrode
with a PVC support. The slectrode body was made from the concentric
polypropylene tubes (16.5 cm long with internal diameter of the outer
and inner tubes, 8 mm and 4 mm, raspectively) which were joined by a
cork. The liquid membrane electrode was connscted with fluoride-
selective electrode as internal referance and ground glass diaphragm
(Ag/AgCl) electrode as external reference electrede, to obtain the
complete cell assembly for the potential measurements, The concentr-
ations of sulphuric and hydrofluoric acids, for the optimum response
of the electrode to hexafluorotantalate(V) were found to be 1.0 M in
the test solutions. The rasponse characteristics of the electrode
have been evaluated, and the electrode was found to respond to hexa-
fluorotantalate(V) in the concentration range of 2.0 X 10_8 - 1.0 X 10'2
M tantalum(V) with a sub-Nernstian slope and detection limit of -58.5

mWdecade and 3.69 X 10"7 1M tantalum(V), respectively.

The effects of forty diverse ions on the electrode response to
the hexafluorotantalate(V) abion have besen studied to evaluate the
selectivity of the electrode, The newly developed liquid membrane
electrode has been applied successfully to the determination of
tantalum in tantalite-columbite ores by direct potentiometry, stenderd

addition and semple addition, and Gran’s plot potentiometric technigues.




1. INTRODUCTION

1.1, Qeewerence and Uses of Tantalum

Tantalum, wsymbol Tz, is =& chemical element of atomic
number 72 and atomic weight 150,95, It is & membey of ithe +ifth
group of the pevigdic table, and ig in the &S3d transition series.
It's valence electronic configuwation is 5d3 682 , which accounts

v its maximum oxidation state of +51-3.

The metal, tantalum, does not occuwy naturally in the free
state. It is found in a number of oxide mingrals which almost
invariably contain nicbium also. In terms of abundance, tantalum
doeg not appear on the list of the Ffirst &3 elesbents that ave
found in the seawater. It does not also appear on the list of the
tirst 36 elements thal occowr  in the sarth’s orust, angd hence
relatively scarce., The element occuwrs in the sarih’s crust to the

extent of 2.1 X 10-4 %i-4d.

Tée most  tantalum  bearing minerals ars  tantalite and
columbite which are veriations of the same natuwral compound,
(Fe,Mm (Ta N 206. Tantalite-columbite ocours  in some pegmatite
in quantities which seldom exceed a few pounds pev ton and in
aliuvium devived from such pegmatites. Other tantalum minevals
except microlite, (Na,Ca)2Ta20&(0,0H,F), have little significance

as a source of tantaium. Thess are manganotantalite,




Mn{Ta,Nb)206, tapiolite, Fe(Ta,Nb)BE0&, skogbolite, FeTagit,

simpsonite or calogerasite, Al2Ta208 + Cabl as  an impurity,
thoreaulite, SnTa207 + Cal and Mb20S as impuwrities, stibintantial-
ite, (Sb,Ri){Ta,Nb)od, ytirotantalite, (Fe,Ca)E (Y, Er ;Ce,D2(Ta~
JNBI401S + 4 HBEO, euxenite, (Y,Ca,Ce,U,Th) (Ta,Nb,Ti)806, and

Lanteusonite, (Y,Er,Ce, ) (Ta,No) (TH0er "0,

Fl

Tantalum is best Ynown as a refractory metal with a
cambination of unigue properties making it useful in a great vari-
ety of commevcial applicatins, though ites applications are
inhibited somewhat by its relatively high cost, It is
used widely, although in small guantities, in the manufacture of
capacitors for electronic equipment including band radios,
heart pacemakers, emitiers, getters, and antomohilesg2. The
extreme corrosion resistance of tantalum at normal temperalures
{due to the presence of exceptionally tenacious £Fitm of oxide)
leads to its application in the construction of chemical plant,
pspecially where it can be used as a liner inside cheaper
metals. The corraosion resistance of tantalum bhas been compared
with that of glass. pAdditionally, the metal has & high heat
transfer coefficient, and is easy to fabricate. Cansequently, it
finds use in eguipment that must resist strong corrosive attack,
as in the manufacture of HOl, hydrogen peroxide, in chromium
plating baths, in bromine heaters and stills, and in the prepara—
tion ot rcorrosive fine chemicals. The metal has also been
used in resistance heatersz in very high temperature furnace and
for some nuclear reactor parts?-2.

Moreover, tantalum has got several important surgical and




dental applications because of the ineriness of the metal to body
fluids and the tolerance of the body for the metal. 1t may be
placed in the skull, ov gther body parts without rejection.
Strips and screws made of tantalum are waed  for holding broken
pieces of bone, and the wire mesh is used for swglical staples,
braid for sutures, and reinforcementssE 3,6,

Tantalum is also added to nickel and nickel-cobalt super-—
alloys for gas—turbine and jet engine parts. Tantalum—base alloys
are used for asrospace structuwres and space power sysiens,
principally because of the high temparature stability and
strength of these ailoyse.

A tantalwn—tungsten alloy is used for tabricating spring
for high temperatwre at high vacuum applications. The tensile
strength of terpary alloys of tantalum (tantalum with 30 %
niobium and 5 %  zirconium or  vanadiumi at o room temparatuwre is
about three times that of tantalum alone, and the alloy finds
several uses in industry and asvospace structures. Other metals
such as hafrnium, molybdenum, rvhenium are also added to tatalum,
though in small amount, to give significant tensile strengh.

The ferrotantalum, which is added to austentitic steels to
reduce the intergranular corrvaosion, hasg also many uses in several

related areas.

1.2. General Froperities and

Tantalum is & slightly bluish metal, ductite, maleable,

and when polished resembles platipum. Elemental tantalum has a




body—-centered cubic crystal structure. It has a melting point of
2,99%0C, boiling peint of 5,4270C, and density of 16.65 g/cm3
(solid at 2o0ol), and 17.1 g/cm3 (single crystal). Because of its
high melting point, it is considered a refractory metalt.

The metal is guite iper? to acidic attack except hydroflu-
oric acid and fuming sulphuric acid. It alseo dissolves in
molten alkalis, concentrated alkaline. solutions and {luoride in
acid media. It is very resistant to attack by liquid metals such
as lithium, sodium, potassium, sodium-potassium alloy, lead,
mercury and gallium provided these liquid metals contain no
oxygend .

There is & stvrong similarity between the chemistries of
tantalum and nicbium., which is significantly different {from that
of their group congener, vanadiumd. Az a consequence  of the
lanthanide contraction their atomic (1.4% An) and ionic (0.69 Ao
(for + 95 pmidation state) radii are identical,y which are appreci-
ably largey than the corresponding values for vanadium, 1.84 An
and 0.%5% Ao, respectively. One consequence of the size difference
ig that the lower oxidation state of both metals, tantalum and
niobium, are of relalively minor importance. Thus, apart from the
halide chemistry, the vast majority of character—ized compounds
o+ the matals are pentavalent, although compounds with formal
oxidation states of +4,+3,+2,+1,0 and -1 have heen reported,
these oxzidation states, in particuiar the first three, are less
well characterized. I1n contrast o  vanadium, for which the
species VO+ and , particlar-ly VO+2 play important roles, tantalum

apnd niebium have virtuwally no cation chemistry. Their oxides,




Tag0%, and NbEOS, are appreciably bazsic, while that of vanadium,
VRS, is amphotevic. There is also considerable similarity in the
chemistry of lower halides, of tantalum and nicbium, wheve metal-
metal bonding is  important, and  iD their numerous integral
valence stable cluster compounds.

Differences are also observed, though nut profound,
between the chemistries of tantalum and niobiumd . For example, it
is well established that tantalum(V) is less readily reduced than
niobium(Y), and is movre veadily hvdrolysed in agueosus hydvrachlor-
ie acid solutions. In  additien, thare are differences in the
struclural chemistyy of the vespective peroxides, in the stabili-
ty of the pentavalent pxvhalides, and the nature of oxysulphates
gbtained from aguecus solutions.

The pentoxide,Tagdii,can be obtained by heating the m=tal in
nxygen or by dehydration nf the hydrated oxide. The pentoxida is
white, air stable, and water—insoluble solid which is an importa-
nt starting material for tantalum production. The pentoxide is
chardly attacked by mineval acide, with the sxception ot hydro+iu-
oric acid. It can be melted by fusion with alkali metal pyrosul-
phates, potassium hydroxide or carbonate, the mixture of potassi-
um carbonate and potassium nitrate; and the resulting melt may be
dissolved in acidic solution or, depending On its composition, in
waterd.

Hesides the pentoxide, other oxides of compostions Talx

Ce{B2.5) are in evidence in the oxidation state of tantalum metal
with oxygen, fhough no. discrete Tal and Tal2 compounds are

knowni@. They are formed by active metal reduction. Tal2 forms,




with alkali melals, the oetatantalates, MTadd, the orthotantalat-
gs, M31ald, and pyrotantalates, MdTa207, as well as the polytant-
alates of comapostinn ME8Ta&lis which require fusion with alkali
hyvdirosidess.

Tantalates are obtained by fusing the pentoxide with
alkali hydroxides o carbonates, which hydroiyse 1o oxide upon
washing with water. The meit can be extracted in the agueous
potassium hydro=ide, and upon treating it with ethanel, a product
of compousition KETas01%.16H20 precipitates. The anion, Tafl138—,
alsto ewists in  aguecus solution in the pH  vange of 1G~-13,
without being subjected to further polymerization, depolymerizat-
iarnn o protonations. Upon acidification, the hydrous oxide
precipitaies. Although it is called tantalic acid, it is
inspiuble in  agueous bases, but soluble in acid, and salts of
composition ETaFe, KaTaF7,-and L8TaFE can  be crysiallized fvrom
aguenus salutions of different fluoride concentrationsi-a.

In aqueous fluoride media there exists a distribution of
a cories of Fluorotantalate complexes of composition Tav FrnS-n
tn < B3)4. Equilibrium of the formation of various complexes
depends on many factors: viz, concentration of the free fluoride
ion, concentration of tantalum, and also the acidity of the
mect 1um . Predominant species  in specific soluiions, as deduced
fram Raman  ang b.m.a . spectra, are [TaFel-(@24 M HF, no LTaF712-
LraF712- (5.2 M NE4F, ag (TaFel-), and L[TaF&l- and [TaF?712- (5.1~
11.0 M HF) , with the formation constants of 4.6 = 103, 1.88 = 103
and 4.% for L[faF&l-, [(TaF7iR2- and LTaFs813—, respactivelyd. The

[TaF213— anion has not been detected by Haman technigue in




hydrofluoric acid solutions up  to 24 M. There is a conflicting
avidence {for the ezistence nf [TaF21- in agueous fluoride madia
and no solid complexes containing ihis anion  have yet heen
prepared. The preparation of the fully halogenated (i.e., non-

oxyagenated) compounds reguires the use of non-aguecus solventsd.

1.8. HMethods of Determination of Tantalum

fi large number of instrumental as well as rhemical methods
have been reported, in the literature, for the determination of
tantalwn in ores and various natwal samples. Only few of the
most commonly used ones are described below.

Tantalum is determined, most frequently, by spectrophotom—
etric methods using a variety of veagents. Fyrogaliol is,
perhaps, one af such reagentsis. it reacts with tantalum{¥) in a
medium a4 4 N HCl and ©.0175 M H2C204 to form a soluble comnplex
coampounid . The molar pxtinction coefficient of the complex
solution is 4.2 x 102 M-1 cw—f at 325 nm. The Beer’'s law holds
for tantalum concentiration to 40 0g9/ml. Mo(VI), WD, UVID,
and Sn(IV) interfere with the determination. The effect of b (V)
Ti(IVy, Cr(IIly, Vi), Bi and Cu 18 insignificant and can be
compensated by adding these ions into the bhlank solution.
Flatinum and fluoride ions interfer with the determination o f
tantalum. Thus, platinum crucible should not be used to fuse the
sample if the metal is to he determined by pyvogallol.

Gravimetric method of analysis generally involves pracipi-
tation of the matal ion with a suitable veagent followed by

ignition of the precipitate to the pentoxide. #fenzohydirozamic




acid derivativesld 15 gquantitatively precipitate tantalum fyrom

the agueous solution of pH ©.5-1.8. These reagents are also
employed for separation of tantalum from niobium by selecting the
appyropriate pH range (2.5~£.5 for Nh, and 0.5%-1.8 for Tal. The
intevference of Ti(IV) and Zr{IV) can be eliminated by masking
witht fluoride and EDTA, respectively. However, Mo{VI) and WIVI)
interfere seriously. The method is fairty selective, but
tedious, less sensitive and not effective for determination of
small guantity of the slement.

Titrimetric methods have not widely been applied for
determination of tantalum because +3 oxidation gtate of the metal
iz the only stable state. However , an indivect titrimetric
methods have been reportedle,l7. These methods involve the
titrimetric application of outer-gphere comp lex formation of the
anionic fluovro-comp lex of tantalum(V) in agueous dimethyl
sulphoxide. HeptafluorotantalatedV) form soluble outer-sphere
complex wilth potassium ion in a medium of agqueous 2P0 % (v/v)
dimethyl =sulpho=ide. Such complex formation can be used fov
spectrophotoneitric titration of microgram amount of tantalum with
1 te 100 mM KO at 26 nm using nitrosulphonazo(llI}1e&, and
nitchroazol? as indicators, In practical analysis, the method is
nat very commeon since compounds of tantalum(V) are not reduced in
agueous solutionsid.

Atomic—absorption spectroscopic method for determination
of tantalumi{V)y, in industrial vaw materialsid and intermediates
such as niobates and tantalatesld, has been used at 271.% nm in a

nitrogen—-separated nitvous uxide—acetylens flame. However y the
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method is subiected to stvong interferences and has peor timit of
detection.
the determination of tantalum by potentiometric titvation
technique has been done in non-aqueous media. Tantalum(V) reacts
with Z-aminopyrazinoic acid to form a 1:1 complexdl. The metal,
in dimethyl formamide, was delermined by direct and reverse
potentionetric titration with ©.01 M of the rzagent in the
solvent . However, interference fvom some ions such as niobium{V)
titanium{IV), iren(liD) and tungsten(Vi) was noted, and the
method iz not favourable for determination of small guantity of
tantalum. Potentiometric titration of tanttalum(V) with bis
(quinolin-8-ol} has also been reporiediel .
lon-selective electrodes for determination of tantalum
have been developed recently based an  cetylpyridinium chloride-
hexafluorotantalate (W22, which was applied 1in potentiometyric
titvrationgsa, and tetraoctylammonium-he=afluorotantalate{V)a4
ligquid memberanes responding 1o hexafluorotantalate (V). The
appliicatiaon of the former electrode has been extended to the
determination of tantalum in niobium@3, and in steel samp lesdé.
However, this electvade suffers +from inter-ferences of several
jons such as Nb(Y), Ni(il), Fe(IIl), Al{IIl}, and Ti(IV) .
Moreaover, the electrode responded o a linear funciion of
hewafluorptantalate(V) in the concentration vanpge of only 10-5—
10-4 M. The latter elsctrode, i.e., electrode with tetraoctylam—
monium active material, has a better range of response; 2.0 < 10-
f-1.0 x 10-8 M, but the application of this glactrode has never

appeared in the literature. In addition, the selectivity study




has been performed only for few ions such as Ci-—-, NO3-, HBD4,
MbOF3E2-, and ClO4- ions.

A general  anion-selective PVC membrane electrode based
on tetradodecylammonium iodide®? was prepared and it was observed
to respond to twenty anions, one of which iz hexafluorotantalate~
(V. The miectrode has also been used as an indicatar electrode
in potentiometivic titrations and - catalytic potentiometric
determinations concerning the twenty anions. The authors claimed
that the study of general electrode further confirms that the
mechanism of ion-association type  ion-selective electrodes is a
nanspecific ion-seleciive elecirode.

Trinepiyldodacyiammonium iodide was found to be useful as
the active material Jor ion-selective electrodes2s. It was
prepared by vascting 24 g  triheptylamine with 100 g dodecyl
icdide in 130 mi ethannl under rveflux for 64 h. This active
material was used for tetratluoroborate(l1I), picrate, and
hexafluorotantalate(V) anion-selective membrane electrodes. The
tinear detection range and detection limit, respectively, were
10~E~-10~1 M  and 8.0210-7 M for tetrafluoroborate(Iil), 10-6-10-2
M oand 5.0 x 10-7 M tor picrate, and 10-&-10-1 M and no data for
detection limit for hexafluorotantalate (V). There is no report
of any slectivity study and application of the electrode.

A radioiracer studies with 182Ta showed that PVYC matris
membranas containing a liquid 1on-exchanger based on triheptyldo-
decylammonium—hezafluorotantatate(V) sensor plus bis (ethylhexyl)
phthalate mediator are permselsctive to hezafiuorotantalate (V) oy,

The information available for selectivity is only for Cl04-, NO2-




Hr—, and GCl— ions. Moreover, the characterstics of the
electrode was not tested with either real or artificial samples.
Ataregoing .diacuasion reveals that few ion-selective
electrodes were developed for hexaftluorotantalate(V) during the
last ten years, and the studies of the behavior of the electrode-
53 such as selectivity, application, and stability are insuffici-
ently well, Thus the development of a new type of ion-selective
dlectrode from cheaper materials which is faivly precise, simple
and sensilive is reasonable for quantification of tantalum in all

artificial, intermediate and ore samples.

1.4. Aim_and Scope of the Present Investigation

The triphenylmethane dyves, such as Brilliant Green,
Crystal Violet, etc., are a monovalent calionic species forming
inn~pairs with aniaons, having a number of desivable properties to
he extracted into water immiscible solvents. These cationic dyes
were used as ion—-exchangers in glectrodes selective to different

organic and inorganic anions including tertrathioyanatozinczte (-
11330, perchlorate 31,32, tetrafliuoroborate23, salicylatesd ,
phthalates% , detergent anionsd& , and tetrachlorofervate(lllla7.

Briliiant Gresn-hexafliuorotantalate (V) ion—association
complex has been employed for extraction-spectvophotometric
determination of tantalum38. However, there no any fepart in the
literature the possible application of Brilliant Green—hexatluor-
ntantalate(V’ ion-association complex as liquid membrane for the

determination of tantalum by ion-selective electrode.
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the optimal conditions, and

5, to study the analytical applications of the newly made
membrang electyode for determination of tantalum in
real, Ethiopian tantalite-columbite ore, and artificial
samples by different potentiometric measurement

technigues .




2. THEORETICAL CONSIDERATIONS

2.1 Ion-Bzlective Membyane Electyvodes

. lon-selective electrodes(IBEs) have been the subject of
rapidly increasing interest over the past twenty years and their
devalopment has opened up a large new fields of potentiomairy.
The zpeed at which these fields have developed is a measure of
the degree to which the electrodes meet the necessary requirvemen—
tz for rapid, accurate and low coust analvsisidy,

The term "ion-selective electrode" is applied to a range
ot membrane electrodes which resgpond selectively to one (or
several) ionic species in the presence of othersd4Q. They are, in
practice, based on elecrochemical membranes, 1i.e., on phases
consisting solid or liquid electrolyies, perfectly separating two
electrolyte solutionsdl.

The word membrane is used, in its hroadest sense, to
denote a thin section of conducting material that regulates the
movement of charged species across it, thereby creating conditio—
ns for the generation of an electric potentiald2. It is used, in
a phenomenological sense, to indicate all types of electrodes
that act reversibly as & membvane slectrode, irrespective of the
mechanism  involved. Most of the membranes used as electrodes
yvequire selactivity, without being ion specitic,i.e., not equally
permeable to all components. Such membranes are called semi~-
permeablae membranes. In chemistry, membranes separating two
electrolyies, which arge not equally permeable to all kinds of

igns  and aleo semi-permeable, are termed as electrochemical

14




15

nembranesd0—42, An important property of electrochemical membyran-
ay is the electiric potential difference that arises betvieen the
separated solutions. This difference is galled the membrane
potential.

Ion-selective elecirodes are characterized by phase
boundaries at which the electrical potential difference arve
raused by distribution of ions between the two phases, i.2., hy
boundaries between two electrolyies, either solid-liguid or
liguid-liguid. At the menbrane of jon—-selertive electirodes, there
are two basic phenmmeﬁa ocouring at interface betwesn the two
electroiytes, without which one cannot explain the membyans
potentials of permselective membranes4l. First, the diffusion
potential, which is strongly rveflected in, for example, the
liguid junction potential  and results from differnt maobilities
and econcentration of the iocns in the electrolytes in contact.
Secondly, there is the Donnan potential, which results from
complete hindrance to the transfer of one or nore kinds of ions
across the interface between two electrolytes.

Elecrical potential arising across the membrane when they
gsaperate two electrolyte solutions wmay be called membrane
potential. The potential may arise as a diffusion potential
acvoss the membrane due ‘tu differences in {he mobilities of the
ions. There are also ther ways in which a potential might arise
scross the membrane. The simplest way is to have it arise as an
ohmic potential drop by passing electric current from an external
source of emt through the system. Another way would be to have it

arice as o wtatic potential by adding to one of the components
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some charged spécies that cannot pass through the membrane.
lon-setectilve electrodes are used for the determination of

potential (membrane potential?) which is depndent on the concentra-

tion (more precisely the activily) of a particular ion in

solution. The potential arise across the electrode/electrolyte

interface4s.

The potential measurenent with ion-selective elecirode is

performed by usiﬁg the electrochemical cell of the following

typelFig. 13,

membrane potentail to be recorded

internal yeference electrode

" , external reference electrode
b o ca s s m e c‘-‘*::: AL
el el S A e S + internal #4lling solution
ey s AT YN
P R tz,?‘_‘éé:*:: e uembrane
& et ’;:“ :...: e T
L e |
-u’_.;.-ﬂ_,--:.:-‘ __— ‘: e ‘“2:
e B T LT e 2R sample solution to be measured
St L I e S
A o el E et e T e = ]

Fig. 1. Schematic representation of membrane electivode

L]

. cell assembly

The potentials cannot be determined directily, but-can
easily be derived from the emf values for the complete cell uging
the Nernst equation. These cells comprise the membrane, which is
usually in contact, on one side with a solution conatining the

ions of interest (solution 1) and a suitable yeterence electrode




and, on the other gide, with the test solution, in which the
external refevence electrade is immersed (solution 2). A schemat-

i representaion of this cell assembly is shown in cell Iz

Solution 1 Membyane Solution 2 cell-l

2.2 Fotentionetric Seictivity Coefficient

The selectivity nf an electrode is determined by its
ability to distinguish between different ion species present in
the contact sclution. An elecirode is ideally selective, i.e.,
specific, when iis potential is not affected by ionic species
present in the sample solultion other than the ion for which the
glectrode iz selectivedd. However, not only the ion mobility and
strength of association between the ions determine the selectivi-
ty, but also Ffactors such as the ionic éirength and the ion
concenlraion ratio contribute a 1lot. Thus, if anothey ioan,
called interfering ion, j. is present together wiih the ion of
interest, cailed primary ion, i, in the sample solution the
electrode potential will have contributions from both the primary

and interfering ionsd45-47.

For ion-epxchange reaction of the iype:

the diffusion potential is given hy:

({/ = pRT 1n (ai’)i/n + (Qi/Qi) Ki/n aiDu/n o

(ai”)i/n + K1/n (aj‘)l/n




i8

BT L (ai™)i/n + (Qi/7 Qi) Kl/n (ai"™)i/n (2.2)
F.‘

(ai")1/n + Ki/n (aj"¥1l/n

whare n depends only on the sembrane properties. That is for the
special case of the so-called n-type membrane, the following
reiation holds between the ion activity in the membrane and its
concentration,

e

d 1nai = dlnak = n (2.3
d 1n CJ g 1n Ck

For ion—exchange yveaction, (2.1), the two phase boundary or
Donnan potentials were derived by Doled8 and Nicolskyd49 for
n = i, and expressad as
E = conatant + nRT 1n (aii/n + Ki/n ajl/n) (2.4)
F

The total potential,E, is the sum of two phase boundary potentia-
1, E/ and E", and a diffusion potentiaty

E= £~ g\ (2.5
Thus, the total potntial is obtained by adding eguations (2.2}

and {2.4) which gives:

¥

E = nRT in {€ai’3i/n _+ (Kpot ai’2l/n
s
ai"Yi/n +  (Kpot ai™il/n
where Kpot = K (Wi 7 Uidn has been called the mlectivity

coetficient which includes both  the chemical a d the mobility
factorsy and K is the sguilibrium constant for  the ion-exchange
af eguation (2.1) and given as:

o= adal (2.7)
ajat
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i the concentrations on one side(") are held constant, as in &

practical memth-ane electrode unit, equation (2.6) reduces to:

E = conglant + aRT In Lail/n + (Eﬁft ajrl/nl (2.8}

kel

Equation (2.3 is valid for a monovalent ion in the presence of
ancthey monovaient idon. Garyels30 and co-workers have given
equations applicable to divalent ions in the presence of monoval-

ent lons, namely,

E = constant + pRY 1n f{aig@+t)1/n +[§Eai faj+r2ii/n} (2.9}
2F

and divalesnt ions in the presence of other divalent ions, namely,
E = constant + nRT In {({aigH)i/n + (Epolt aji2+)1l/nl (2.10)
aF 1
These equations for n = 1 may be written in the general form of
the extended Nicolsky equationii.

E = contant RT tn fai +ﬁ§hﬁput (aidz /z 1 (2.11)
®iF . i tJ

where i is the primary don of the wvalence zi to which the
membrane electvrode is gselective and § is the idinterfering ion of
valence zj3 the plus sign ie for cations and minus for anions.
Thus, the potentiometvic selectivity coefficient, Kpot,
expresses the degree of selectivity of the elecivode to the-
primary ion, i, with respect teo the interfering ion, J.
1t vrepresents the sensitivity ration: interfering

ion/measwred iondd., Thus, if Epot Y 1, the selectivity of the
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electrode to the interferving ion, i, is more than to that of the
primary ion, i. On the other hand, if gyot { 1, the rlectrode is
more selective to the primary ion, i, than the intertering ion,
i

Hetermination of the Selectivity Coetficient. In the ideal case,

PPN - B

ion—-selective elecirodes should meet the basic assumption that
they exhibit Nernstian response towards the activity af the ion
to which they are zelective. Furthermore, the measuwred seleciiv-
ity coefficient values should not magnify the effect of the
interfering ion. in practige, this does not happen since
some  theoretical assumptions are not being fulfilled. The

relevant assumptions are, for exampiedl:

(i) sufficiently rapid establishment of ion-exchange
equilibrium, the rate of which may actually depends on the
concentrations of both the ion to be determinged and the interfer—
ing iong

(ii) maintenance of the same conditions in  the solution
at the membrane surface as those in the bulk of the solutiong

(iii) the theory generally assumes a simple membrane
mechanism.

A number of methods have been described for the experime-—
ntal determination of the selectivity coefticientde 52,53, These
mathods fall into two categories,

(i} the separate zolution methed and (ii) the mixed solution
method.

(i) SBeparate Solution Method. The potential of the elctrode is
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measured first in solutions containing the primary 10n, with
no intarfering ion, and than in solution containing  the

interfering ion without pyrimary ions

Method 1. The potential of an ion—selective electrode in &
gplution containing only the primary 100, i, (1aBuy aj = Wy is
given by:
Ei = Eo ¢.§L 1n ai (.12
zi

14 the solution ig without 1 (1.8 ai = ) and contains only ion

iy egquation (P.11) becomes:i

Ej = Eo xRIL 1n Kpot (ajde /7 (2.13)
zifF N i
For the condition ai = aj, equation (.18 and (2.13) give the

relation:

L (Ej-EiLY = log %Fpt + (zi -1y log ai (2.14)
S J zd

where S = £.303 RT/ziF or the pxperimental slope, B and Ei are
in mitltivolis.

mMethad 2. If the concentrations a4 the solution ot ion, iy and
af the solution of ion § are chosen zuch that Ei = Ei, then
gquation (.12 and (2.13) give 443

ai = Kpot (aidz - (2.15)
ij i ]

{ii)d Mixed Sniution Method. Roth ions i and § are iny same

A T

solution in this pethod. This invalves the measurenants U§-
the potentials of solutions containing a fixed quanitity ot
the interfering jon, Jy and varied guantity of the primary

iond0. Tdeally the values of the selectivity coefficient

can be calculated from equation (.15, ai and aj being the




activities that are determined from the plot of the

measuwred potential versus pai (Fige. 2 and ).

Methoo i, This method depende on finding graphicelly the pownt T

L IR RS ool =P L)

at wnich the electrode is responding  equally to both ions. 14
the line K& is straight and paraliel to the abscisse, then 7 1is
the point  of intersection of the emtrapélation o+ FE anu BR hgut
may then be calculated from the activity of 1 ét point T, Tai,
and the congtan{:ai by means of the equationds,%d. |

Kpot = Taiz] ' (®.16)

ayy

potentall /EV

e~

i
Fig.2. Typical curve for %alculationg ot Epot by mixed solution
methos (method 1), #

The method is anly cuitable if KRS 'is a straight line.

Meihos &, The mare éenerally applicable method is one that does
not depend on the form of kS, but instead relies on FO and G
(Fig.8). From pquation (B.11) both ions are contributing equatily
to the elecirode response whenad

al = Kpot ajz;/z; (8.17)
4
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potential /m¥

pl
Fig.3. Calibration grapﬁs;iltusfraiiné‘Mathmd 2 +ur:
determination m%*%ﬁaléciivity'éeef%icient by mixed
selution method. -
14 the activity of i aé-;hi:h tﬁi% pquality occurs is ai’, and
the activity of ié”%jg'then the potential is given by:
E = Eo + P.E08 RT logld (2ai’) (2.18)
2iF
K 5
The respanse of the electrode in the absence of § is given by the
extrapolation of PR as far as the limit of Nernstian response.
The difference between the electrode potentials in solutions of
i with activity ai’ with and without | at activity aj’ is

therefore given by 391

E = p,208 RT (logl0 2ai’=-loglo ai’)
2ifF

= 2,303 RT logi¢ B
2iF

= 18/ zi mV at 25cC

Thus by Ffinding on the graph, the activity ot 1 at which
the experimental line QR differs from the extrapolation of PQ by
18721 mV (as-in Fig. 8) the activity ai is determinad.  

- e
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important and widely used technigues are bhviefly discussed helow.

Calibration Method. Empirical calibration curves, where by the

electrode potential is related to the logarithm of activiily or
concentration of the ion of interest, is most straight forward
technique and is the techpnigue of choice whenever possible. The
sample to be analysed is pretreated as reguired and the elecirod-
es are immevsed in it The eguilibrive cell potential is
then measured and related to the determinand activity or concent-
yirration by means of the calibration graph83.

A series of solulion can also bhe prepared spanning the
anticipated range of activitiy or concenivration of the detsrminand
in the sampte. If the calibration graph is expected to he linear
with close to the theoretical Naernstian slope in the measurement
range, and the ryange is broad, it is usually sufficient to
prepare one standard per decade of activity or concentration.

The deternination of the sample concentration can then be made by
single-point calibration. It follows from the Nernst equation
that:s

Esample — Estandard = 8 log asample (2.203
astandayrd

whiclky can be rearranged to give

asample = astandard 10 AE/S : (2.21)

dhere 5§ s the experimental olope whose value can be determined
using two standard solutions of known differnt concentrations.
A

This approach reguires no knowlsdge of the standard potential of

the elsctrode pair. The assumption here is that the value of the
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zlope is  constant and there is a linear relationship between the
potential and log activity.

A more complex version of this method can also be
c;nsidered. This involves the use of two standard sotutions i&v_ -
which the delerminand concentrations are asqand aﬁz, which
bracket the unknown concentration Cx.  Then applying the Nernst

equation to all these three solution, Cx can be calculated from:

(Ex_-Es_ )  log as = log awx (2.22)

zéé - '"Eg 1} a as
1 P “ 1

The method does not require the knowledge of standard potential
or slope. HMHoveover, the method will compensate for slow drift in
bath parameters, and a linear response over the range of
intersest can be assumed,.

Standard Addition Technigueg. This method is useful for the types

of analysiss; the vapid and appraximate analysis of occcasional
samples and, more importantly, the determination aof the Lotal
concentration of determinand in samples in  which the determinand
is partially complexed39,

I'n standard addition metheod (alternatively called the
‘known addition method’) a known volume, Vs, of the standard
solution of concentration Cs is added to the sample solution, Vx
mly containing unkown concentration, Cx, and the potential change
of the slectrode is recorded4.

The obssvved initial potential of the sample solution of
unkown concentration, Cx, is given by the Nernst eguation. Thus,

El = Eo BRI, in (8= Y= + EL {(2.23)
=iF
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£L being the Lliguid junction potential.

On addition of a knawn amount of test ion, (Vs ml of known
concentration, Cs, to the initiazl volume, Vx) , the new potential

measured is given by:

ER = Eo BT  1n OV + CsVsy =’ + EL (2.24)
ziF Vw -+ Vs

Assuming the constance of EL and y = = vy subtracting equation
(R.23) from equation (2.284) alves:

E = Ef —~ F1 = RT  1n CxVx_+ CsVs e .eh
2iF (Ve + Vm) O

an rearrangement of equation {(2.23), it gives:
AE = log CxVx_+ CsVs_ (2 .26
153 {(Vx + Vs) U=
where § iz the Mernst slope ( = 2.803 RT/ziF), experimentally
determined by using a series of know standard solutions . Equatien

(8.26) may be rearvanged to give:

Cx = CsVs 10 JE/B ~ Vs 1-1 {(2.27)
VaitVs v v, * Vs

Thus, Cx can be determined.
If the change in volume of the sample, upon addition of
the standard is negligible {(i.e., Vx ) Vs) then equation (2.27)

batomes &

Cx = Cs (Va/Vu) (1O0AE/S - 1) (&.28)
o7 .
AE =8 log {1 + Gs¥s )} (.89

T\
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or

(10LE/S ~ 13 = _ Us Vs (2.
WV

3
[

Equation (2.30) indicates that Cx may be calculated from the
single addition method ov preferably determined from the slope of
apliot of 100E/S — 1 ve Vs where several addition of standard
are made.

Advantages of this technigue over other technigues are
that alectraode calibrationis unnecessary,only one stangard
solution is requived and calibration drift is unimportants
however , two potential measurements per sample are
necessarysd,a0.

Sample Addition Technigue. This method is the reverse of the

foregaing one, and also called the "analyte addition” technigue.
First potential of a know volume, Vs, of the standard solution of
a know concentration, Os, is measured. Then, a known volume, Vi,
of the solution to be analysed is added, and the new potential is
measured. The concentration of the unknown sample solution, B,

can be ralculated from the eguationdl-dd.

Cw = Cs [(Yx+Vedl0 AE/S —- Vg ] (2.81)
Ve Vi

This rearranged eguation is devived by replacing Cs in place of
Cx in eguation (2.24) and subtracting from eguation (2.25).

Gran’‘s Flots. The methods wers devised by Grangl in 1352 as &

way of linearizing the data pbtained from multiple standard
addition procedure in potentiometric titrations and thus sasily

and precisely locating the eguivalnence point of titrations&f,65.
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The theopry asscciated with these plots is straight

forward. Equation (2.24) can be rearranged to give:

(Ve 4+ Vs) 10EBF/2.308 RT = 10(E +£ }»/2.303 RT Y=’

® {CxV= + CzVs) (2.32)

A plot of (Ve + Vs) 10ERF/2.303 RT vs Vs gives a
straight ling which intercepts the abscissa for value of Vs
called Vei where CxVx = —-CeVe.

Thus, Ox can be calculated since Ve, Vi and Cs are
known. The technique may also be applied to both complexometvic
and precipitation titrations.

Standard Subtraction Method. The standard or known subtraction

method is didfernt anly in that the siandard solution added to
the sample is not a determinand sclution but a solution of a
species which reacts quantitatively with the determinand. Thus a
decreasae in determinand cmncentration ig produced with
corraspanding cahnge in cell potential. This potential change
may he used to calculate the initial determinand concentration in
the sample by means of the following equation derived in a
similar manner to eguatiaon (2.27).

Cx = e bsl¥s e

Voo - (Vs + Vi) LOLE/S

The assumplion here is that, a 1:) stoichiometry of the reaction
between the determinand and the added species is considered. The
equation becomes more complex if there is a differnt

stoichiomeiry3d,ed.




% EXPERIMENTAL

Z.1. HMaterials and Reagents

Briltiant green (Fluka), 49 % (w/w) hydrofluoric acid
(fnalar, Hopkin and Williams, and BOH) , 98 %4 (W/W) sulphuric acid
(ROH)Y , tetrahydrofuran (Riedel-de Haen), FPYC (Fluka), nitrobenz-
ene (Riedel—-de Haeny, 1-chloranaphthalene  {(Fluka), chlovofarm
(Riedel-de Haen) , chlorabenzens (BLH) , 1,2-dichloroethane
(Fluka), 1,8-dichlorobenzens (BOH), anhydrous  sodium suiphate
(Riedel—de Haen) , ammonium fluoride (Riedel-de Haen!, tetrapheny-
laysonium chilovide (Fluka), potassium nitrate (BOH) and potassium

carbonate (BOH) were used without further purification.

3.2 Freparatiop of Sulutibﬂa

3.2.1 Freparation of Tantalum Solution. Accurately weighed, 1 g

of a well-powdered Ta20% (BOM, 2%.% %) was  intimately mixed with
2.% g of KeCOZ and 2.5 g of ENOS (2:%5:5 weight ratiod in a
platinum crucible. The mixture was fused in a mouffle furnace at
740-760n0 for about 1% min. The fused melt was cooled to yoom
Ctemperature and treated with about BT ml of concentrated sulphur—
ic acid. The e=tract was guantitatively transferved to a 300 ml
Kjeldhal flask, evaporated to dryness, and couled. The residue
was dissolved in 100 ml of 20 % (w/v) tartaric acid by beating
and continuously swirling. A clear solution wass chtained,
and ii was qguantitatively transferred to a B30 ml volumelric

flask and made up to the mark with 20 % (w/v) tartaric acided,6t.

30
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3.8.8 Ei.t_.iz;ﬁ:&i‘mugmgi,._lﬁmm_‘émumﬂ- A 9 ml aliquot of
fantatum siock solution was iransferred inta & a0  ml beakey. To
this was added 10 mi of concentirated nitric acid and the sotution
was diluted to 200 ml with diztilled watev. about 1 g of NHAF was
added to the sotution and the content was gently heated over the
steam bath for 15 ming7. A 5 ml aliquot af B % {w/v) tetrapheny i~
arsonium chlovide was added dropwise and allowed to stand for 30
min to enswre the compiete ﬁrecipitation af tantatum{V) as TaF&~-
Fhifs+. The precipitate was +tiltered and then ignited in &
pnrcelain crucible for one howr « The rosidue wWas cpoled to yoom
tampeyrature and weighed as Ta2D5n. The weight of Tap0h was found

io be 3%.8 mg. The concentration of tantalumV) sinclk solution

was Found to be 1.80 X 1.0-2 M.

3.2.3 Prepacation of Sample Solutions. accurately weighed, 0.2

0 ot & wel l-powdered Ethiopian tantalite—columbite ore samnples
were intimately mixed with 1.8% g of KRCcos  and 1.825 g of KNO2
(21515 weiaht ratio? in & platinum crucibte. The mizture Was
fumed in & mudfla  furnace at 740-7600C for appul 15 min. The
fused melt was conled.tm room temperature and treated with about
25 ml of concentrated sulphuwric acid. The sxtract was guantitati-
vealy transferred to & oo ml kieldhal itask,evaporated to
di-ynens,,and cooled. The regidue  WAaS dissolved in 20 ml of 25 %
(w/v) tartaric acid by heating and cont inuously swirling. The

splution obtained was then quantitaiively transferved to a 100 ml

volumetric flask and made to volume with 20 mt of 5 M sulphwric




nigbium pentoxide (Johnson and Mathey 99 %) with B.&6 g of
potassiwm pyrosulphate (Riedsl-de Haein) in sitica cruciblesd,0q.
The cooled melt was dissnlved in 100 ml of 20 % (w/v) tartaric
acid (BOH, Analar? slution by heating over sand bath. The
'énlutiun was cooled, then transferred to a litre valumeiggg

flask, and diluted to volume with distilled water .

The solution of Ti(IV) was prepared by fusing ©.4 g of
TioR (BROHY with 4 g potassium hydyrogen sutphate (BOH) . The cooled
melt was leached with 10 ¥ (v/v) sulphuwric acid and diluted to

100 ml with 10 % (v/v) sulphuric acidé9.

Solutions of Er(III), 2y (IV) and BL(IIL) were praepared by
dissolving europium oxide, zirconium chloride and bismuth nitrate
{BOH) 4 respectivety, in 1.0 M hydrochloric acid solution. The
dissolution was carried out by heating to obhiain a clear solu-

tion.

Solutions of ALLLIID) 4 Hg(Iil) and Cel(IV) were prepared by
dissolving the respective sulphate salls (BDH or Riedel-de Hean?

in 0.5 M hot supliburic acid solution.

Sotutions of Felllll, Zn(ily, Cullll, Mi(Il), Calll),
CdeI1y, Lalllll, yoe(Ii), Fh(ill, v(111) and Ag(l) were prepaved
by disotving the. respective nitrate salts (BOH or Riedel— de
Hean) in distitled water. gplutions of Mn(ID) and Col(ll} were

S prepared by dissalving tithe respective sulphate salts (BDH or
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polymer powder in 4 ml of tetrahydrofuran containing 10 drops of

i~chloronaphthalene32,27,70.

The navrow tip of the plastic body was carefully dipped
into thae BVC solution three times with the interval of 2 min
antil the thickness of the matrix formed was 2-3 mm. Care has
been taken to aveoid the'impregnatiun of air bubbles into the PV
matyix. The electrode body, along with the FVC support, was
suspended with the FVD held downwardsd in the hood for 24 h, to
get the solvent avaporated. A white film of FYC matrix was

obtained.

2.2.2 PFreparation of Electroagtive Material; Aliguots of 30 ml

af 1,80 %X 10-2 ® tantalum{V) stock solution, 2.7 ml of concent-
rated sulphuric acid, and 2.3 ml of 40 % (w/w) hydrofluoric acid
were transferred into 250 ml polypropylene gapartory funnel. To
thiz was added &.25 ml of 2.0 X 10-2 M BErilliant Green solution,
and the volume of the agueous phase was adiusted to S0 ml with
distilled water. The aixture was shaken vigoruously, for five
min, with 25 nl of nitrobenzene (five times in 5 mi portion), and
the two phases were allowed to saparate for 13 min during each
extractipn. The organic phase wWas collected intc a S0 ml plastic
heaker containg about 2 g anhydrous spdium suiphate. The dried
pxiract was transferred into a 2% ml volumetric flask. The
sodiun sulphate crystals were washed with few drops of fresh
nitrohenzene, the washing were added to the valumetric flask, and

the coloured extract was diluted to wvolume with nitrobenzena.




37

This solution, i.e., the solution of Brilliant Green~-hexafluorot—-
antalate(V) ion—association complex in nitrobenezene,; was used as

a liguid membrane.

Lower concentrations af the electroactive material were

prepared by ‘diluting the pxtract with fresh nitrobenzene.

3.52.8 Pyreparation of Briliant Greepn-Hexafluoratantalate (V)

Liquid Mepbrane Eelgcirode. Aobut B-2 ml of the &Srilliant

Green-he=afluorotantalate(V) extract in nitrobenzeng was introdu-
ced sato  the outer jacket of the ectrode body through the
injection port. The inner tube of the electrode hody was filled
with the solution that was 1.0 X 10-2 M in Ta(V¥), 1.0 M in HE2504
and 1.0 M in HFE, up to a point such  that the lower end of the
fluoride-selective slectrode, which was used as an internal
reference wlectrode, was in contact with the dnnev fiiling
solution. The narrow tip of the plecirode was immersed into

the solution of the sane compostion as that of the inner filling
solution and was kept in this solution for 3& h for conditioning.
At this point the electrode was ready for use. When not in use

the alecirode was kept in the condtioning solutiof.

3.4 Instrumentation

The pofeniial measurement of the the test solutions were
made using Philips P W 9404 digital pH mY meter equipped with

axternal ground glass diaphragm reference electrode against the




Brilliant Green-hexafluorotantaltate(V: ligquid membranae electrode.
Equilibrium potentials of the test soplutions were recovded after
continuous stirring with a Teflon coated stirving bar +or 1-2 min
to obtain a constant potential reading at room temperature

(20 tl colz} . The complete tell is schematically reprosented as

follows, .
L.afF3 Internal Liguid Test i/ agl)
soluticn membrane | solution | plastic body cell-11
glectrode
Intevrnal iiguid external
reference membranea reference
elecirode electrode electrade

3.% General Frocedurs

=.5.1 Study of the sleciropde Behavior. Aliguots (2-12 ml) of

1,80 %X i0-2 M tantalum(V) stock solulion were transferred into
100 ml polypropylene beakavs. Concentrated sulphuric acid

(1.1 ml} and 40 % (w/w) hydrofluoric acid (9.9 ml) were added to
the solutions and the solutions were dituied to 20 ml with doubly
distilled water. Serial dilutions were made in the same manner
to get test sotutionz, which were 1.0 X 10~7—- 1.0 X 10-2 M with
respect to tantalum(V) and 1.0 M with respect to both sulphuric

acid and hydrofluoric acid.

The liguid membrane elecrode and the pxternal reference
electrode were dipped into 20 ml  of the stirred golutionsin 100
ml polyprupylene beakers. Aconstant potential was recovded
within PO—-120 seconds. A1l potantial measuwresents were made at

room temperatuwre (onf zol) .
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4

coetficients were evaluated from the calibration curve, in the

presence of each interfering ion, using equation {(2.13).

3.7. BEvocedures for Sample Analysis

@,7.1 Dbirect Potentiometyry3d. The potentials of aliguols (20 ml
each) of the sample solutions in 1.0 M sulphuric acid and 1.éhﬁ
hydrofluoric acid were measured following the qeneral procedures
deacribed for electrode behavior. The tantalum concentiration in
the sample solutions was determined from the calibration cosrve
(E, mV, vs log Tal+}. Alternatively, the concentration of
tantalum in the sample solution can be caloculated based aon the
single-point calibrationgd using eguation (#.20) or by use of two

standard solutions in which the analyte activities are as and

as40 from squation (2.22).

3.7.2. SBtandard Addition Technigue. The notentials (Ex) of 20 ml

(Vx) of a hundred times diluted sample solution of concentration
Cxy in 1.0 M sulphuric acid and 1.0 M hydrofluoric acid was first
measuwread . This was followed by addition of 1 or & ml of 2.0 %
10-2 M standard tantalum(V) solution in 1.0 M suiphuric acid and
1.0 M hydrefluoric acid to the stirred sample solution and the
new potential, Es, was recorded. The concentration of the sample

solution was claculated by equation (2.27)33.

3.7.3 Sample_Addition YTechnigque?2,75. The potential (Es) of 20

ml (Vs) of 2.0 x 10-5 Mtantaium solution in 1.0 M sulphuric acid
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plectrode made of either glass of plastic tubes connected with

the internal and external reference electrades both made of
glass bodies {eeli-131  and cell-IV) wera found not usaful
because aof ihe drift in cell potential. This may probably be

due to  the ryeaction of hydrofluoric acid with glass which
resulted in  the formation  of fiuornborate complexes. Thus, the
tptal avoiding of glass contact with hydirofluoric acid was
necessitated. For inig reason the liquid membrane electrode made
of plastic tubes WAas connected  with internal and pxternal
reeference electvrodes bath made of glass podies via either
PvC-kEL140 or agar—-kG143 salt pridges to give the cell assemblies
which were free {fronm the direct contact o hydvofluoric acid with
glazs (cell-V and call V1) . However, these call assemblies were
aiso found to be not  useful. In these cell assemblies, the
conpection of the salt bridges wilh the liguid membrane and
reforence slectrodes Were nage by flexible plastic tubes of
difforent dimensions. The problens arised with these tubes were
hveékaga of the junction and leakage of the solution which
Cintroduced empty spaces in the tubes.

The cell assembly consisting of the ligquid membrane
. elactrode made of plastic tubes connected with fg/Agll (grouﬁd
glass diaphvaghy fluoride resistant) aexternal reference glectrode
and LaFs  (fluoride smlective) internai refareence alectrode
(cetl1-VII) was found to be the most suitable fov the study of the
behavior of the tiguid membrane electrode. Hence, all subseque~

nt studiss were made with this cell assembly.

The cell assemblies consisting of the ligquid membyane -




4.2 Selection of Membrane Solvenis

The choice of solvents has a drastic efiect on the
selectivity of the membrans. The selectiviiy of the membrance
glectrode is governed by both the mobility of the ions in {he
membirane and the eguilibrium that exists at the membrarne solution
interfaces {partition coetticents, ion-exchange eqguilibrium
tonstants, idgn-asswuciation copnstants) . These parameters are
influenced by the properties of the organic solvants used in

liguid membrane prepatationds, 75,76,

Thus, the solvent used in liquid membrane electrode must
{al be quite insoluble in water, (b} have a low vapbour essure,
(¢} have a sutficientiy high viscosity not to pass thiough the
membrane skeleton quicly and, {d! allow counsiderable association

of ions in the membranedi.

Based on these requirements and other properties, Table 1.
tive salventsy namely, nitrobenzene, chlorobenzene, 1,8-dichlor-
obenzene, 1,2-dichlovoethane and chlovoform werre tested as

membyrane soivents in the present investigation,
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Table 1. Froperties of selected arganic solvents??

Solvent E.F.of & n{E000) solubi— Density
. (1 atm.) (RS0l poise lity g/mt ..
{(B250C) (2500
(% w/nw)
Nitrobanzens 210 .80 3¢ .88 1.634 0.19 1.19885
Chlorobenzene 121 .68 LR G.715 0.048 1.10630
(2000
1,2-Nichloro- 120,48 9,93 1.20% {0 ORE 1.30
henzens (2500)
1 ,2-Nichlioro- 54 .45 10.36 0780 0,51 1.2458
ethane
Chloroform £1.15 4.81  0.m14 0,078 1.480
. (200

-

The ion—association complex of Brilliant Green-hexafluorotant-—
alate (V) was extracted into each of these solvents from the
awueous phase which was 1.0 M with respect to boty sulphuic and
hvoroflumic acid. However, the esxtraction of Brillianl Green—
hexafluourotantalate (V) (BE+TaFé- ) ion-association complex was
found to be Incoplete in all the solvents (probably duz to lowsr
dielectric constants) except in nitrobenzens in which the
extraction of the complex was complete at the required connectra—
tion lavel (1.0 X 10-2 M BG+TaFe— ). Bacause of the partial
Cextraction of the ion-association complex in most of the solvent-
5, the completeness of the extraction was assessed only gualitat-
ively, The extraction was considered to be complete whep the

agueous phase left after extraction was colourless.
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Thus, no potential  measurensnt  was performed in  the
solvents other than nitrobenzene, since it was not possible to
astimate the concentration of electroactive material in the
membrance. Nitrobenzene, having low miscibility with the agueous
phase, higher boiling point, high viscosity amd higher dislectric
constant (Table 1) which fulfills most of the requirements of the

membrane solvents was the solvent of choice.

4.3 Influepce of Exchanoer Concentration

Five differernt concentrations of the exchanger, Brilliant
é%@en—hexa+Iuaroiantalate(V) (BE+TaFe—)  were examined to study
iﬁe behavior of the liguid memnbranej namely, 5.0 X 10-4 M, 1.0 x
10-2 M, 2.0 x 10-3 M, 3.0 X 10~-3 M and 1.0 X 10-2 M BG+TaFt— in
nitrobenzene. The stectrode with exchanger concentrations, 1.8y
5.0 %10~4 and 1.0 X 10-2 M gave unstable potential readings even
after five minutes. this probably be due to the the higher
résiﬁtance of the organic matvix. Therefore, except far initial
trials,no potential measwements have been made with these

electrodes.

The elecrode with 2.0 =10-8 M BG+TaF&~ gave a linear
response in  the range of 5.0 X 10-t- 1.0 ¥ 10-2 M tantalumi{V)
with the average slope of ~58 t 2 mV per decade,but the time
requiredto a constant potential readings was move than two
minutes. The electrode with 5.0 X 10-8 M exchanger concentvation

gave a linear response in vhe range of 2.0 = 10-& - 1.0 X 10-28 M
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tantalumiV) with the average slope of -58.5 '+ 1.9 mV per decade.
The electrode with 1.0 X 1ﬁ"E M BG+TaFe-~ showed linearity
hetwean 1.0 X 10-5% -~ 1,0 X 10-2 M tantatum(V) with the average
asliopae of -84 2 Vv per decade. With ithe latter two electrodes,—
the constant potential veadings were nbtained within two minutes.
Aénsuméwhat parvow linsar range with the slectirode ot highégt
concertration, 1.0 X 10-2 M BB+TaF&—, can probably be accounted
to the elution of membrane solute into the adjaceni agueous
sotutions . Therefore, the elecrode with 3.0 X 10-3 M BG+TaFo-
was chosen for furiher study because of the wideyr response vange

and better slope. These results are summarized in Table g and

the curves are shown in Fig 2.

At least 26 h of satuwration time was fpund to be necessary
in order ta ohtaip a constant potential readings with the liquid
membrane electrode of 5.0 X 10-3 M BG+TaFe—. Longer satuwration
time has been found to have no adverse effect on the electrode
response behavior.

Table 2. Reponse vange and slope of BG+TaF&— liguid membrane

electrade
[HES04T = L.0 M 3 [HF1 = 1,0 R

Exchanger concentvation L.inear yvange Slope* mV
in the electrode, TalV), M per decade
BG+TaFe— M .
2.0 = 10-3 5,001 0-6~1.0x10-2 ~58 2
5.0 x 103 2.0xi0-E-1,0xl10~2 ~-58.5 1.5
1.0 = 10-& 1.0x10-5=1 0108 -~38 2

# Average of triplicate measurenents.
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Table 3. Effect of the concentration of sulphuric acid on the
stope of the BG+TaFé— ligquid membrane electrodes -

[HF1 = t.0 M

Hesh4, M Slopea Slopeb Slopec
mY/decade mV/decade mV/ decade

O.0%% —5 ~57 .3 —34 .7
Q.53 —-38.9 ~-58.8 ~38.8
1.0 -58.4& ~58.8 -89,
1.3 ~58.38 ~58.0 ~-27.8
2.0 ~835.3 ~BE .0 -85
3.0 ~5E .0 ~531.3 -21.1
4.0 ~57.8 —-i4g.7 ~16.0
a0 B -9 ~2 .5
£ ld -5 ~-28 0

% Average of triplicate measuremenis
*¥ Immediately'meaﬁured.

aSlope between 2.0 X 10-4 and 2.0 X 10-3 M TaF&-,

hSlope between 2.0 ¥ 10-5 and 2.0 X 10-4 1M TaFf~,

cSlope betwesn 2.0 X 10-& and 2.0 X 10-5 M TAF&-.
The decrease in the slope upon increasing sulphuric acid concent—
ration might be due to the protonation of the membrane which
possibly resulted in the dissolution of membrane, and tha
increasing degree of hydrolysis  of tantalum{V) and its lower

concenivrations.

Eventhough the slope was found to be better without
sulpuric acid the potential readings were not  very stable. It
should also be noted that the measwrements at zero concentration
nf acid were made immediately to avoid hydrolysis of tantalum(V?

in the test soliution.




Thus, the optisum concentration range of sulphuric acid
with a better slope and linear range was found to be 0.5 - 1.5 M.
A 1,0 ™ sulphuric acid was, therefore, chosen for fuwrther study,
since the linear range was also betteyr, 2.0 X 10-& - 1.0 X 10-2 ™
tantatum(V) , (Fig.8). The average slope calculated, from the

optimum concentration range, was to be -58.5 1.5 mV per decade.

4.4,8 Effect of Hdroflupric Aclid Concentration. In thiz study,
and the concentration of hydroflusric acid was varied between 0.1

and 3.0 M.

It was +ound that the poteniial increases with incveasing
concentration of Avdrofiuworic acid up teo 0.5 M and then practica-
11y remained constant. This may be due to the decrease in

the degree of dissociations in 1.0 m sulphuric acid.

The electrode responded with a sub-Nernstian slope upto
2.0 X 1o-85 M tantalum{¥) from 0.1 to 2.0 M hydrofluoric acid in
the system. However, upon increasing the concentration of
hydrofluoric acid above 2.0 M, the magnitude of the slope
dacreased at lower metal concentrations, i.e., below 2.0 X i0-5 M

1

{Table 4).

the contentration of sulphuric acid was kept constant at 1.0 M,



52

256 3

Fig.6. Eftect of sul
response be

(2) 0.6 M (3} 1.0 M

35 4 46 &5 b5 6

pl{Ta(V)]

huric acid concentration on the
aviour of the electrode, (1) 0.0 M

(4) 20 M (5) 40 M

S
I
/."
//
e
-
-
L
L L
P e [
. - e
yd - e
ra — L
: -~
«// /’
-
~ re
//
-
: 7
e o
e
e
e
/--
- -~
»
-
P
-~
-
E o
- ’
_'/.'
JUESE e -
e
- /‘
~
e
-
e
- V
‘{'
H
T L i ! T I

6.5

]

I
i
|
|
7




Table 4. Effect of the concentration of hydrofluoric acid on the

eren - slope of the BG+TaFi- liguid membrane electrodex R

[HESO43 = 1.0 M

HFE, M Blopea Slapeb Slopec
mV/decade mY/decade mY/decade
0.1 =59 .5 & L] 40 .5
0,5 —39 .0 -58.9 ~-45.8
i.0 —-59 .0 —~537 .7 -o1.32
1.5 ~£0 .0 -B7 .3 —iH B
2.0 —&0, 5 -57.8 ~a5.7
2.0 —20 . 2 57 .9 -25 .2
4.0 -59.7 -Ba.8 -2 .9
F.0 —=0 .4 -49 .8 —-159.0

¥ Average of triplicate measuwrements.

a3lope hetween 2.0 X 10-4 and 2.0 ¥ 10~-3 M TaFe—,

bStope between 2.0 X 10-59 and &2.0 X o10-4 M TaF&—,

cSlope betwsen .0 X 10-6& and 2.0 X 10-3 M TaFe-—.

Thgs, the optimum concentration of hydrofluoric acid with

a hetter linear range was found to be 0.5 - 1.5 M nydrofluoric
acitd. The average slope in the optimum concentration yange was
also found to be -58.5 1.5 mV per decade. Therefore, a 1.0 M
hydrofluesric acid congentration was chosen silnce a better
lilnear ranges, 2.0 X 10-& - 1.0 X 10~& M tantalumiV), was
pbtained.

4.4.3 Effect of Ammoniun Fluoride Congentivation. In order to

improve the linear range and to avoid the use of hydrofiuoric
acid, ammondum  Fluoride was used as the momlexing agent. The
concentration of ammonium fluoride was varied from 0.1 Mt 2.0 M

keeping the concentration of sulphuric acid at 1.0 H.
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The potential was found to decrease when the concentration
of ammaniwn fluoride exceeded 0.5 M. This phenomenon can probably
he due to the formation of higher comlexes (TaF72-) together with

TaF&—. Consequently, the magnitude of the siope decreased in the

lower concentrations of tantalum(Y) . The optimum concentration

rangs of ammcnium  fluoride with  a betier slope and lilnear

response range was found to be 0.5 - 1.0 M (Table ).

The response behavior of the electirode, in 0.5 M ammonium

fluoride and 1.0 M sulphuric acid was studied in detail, and the
calibration curve is shown in Fig. 2. The tingar range was found

1o be 2.55 ¥ 10-6 — 1.0 X 10-2 1 t{antalumdV} with an average

slapa in iheruptimum concentration range and detction timit of
~35.7'il8 mY per decade and 7.76 X 10-7 M tantalgm{V), respectiv-
ely .,
Table . Effact of ammonium fluoride concentration on the slope
of the RAG+TaFe— liguid membyane elecirodex

(HES041 = 1.0 M

NH4F, M Slopea Slopeb Slopec
mV/decade mY//decade oV /decade

.1 ~55.5 —H5 .58 ~37.6
0.3 —&1 .1 ~57.3 -41 .6
Lo &1 .0 ~58 .9 -3%.3
1.5 -l .0 s A= I -18.5
2.0 -5 .1 -31.5 -7.1
3.0 -21.3 —-3.4d -2.0

¥ Average of triplicate mesuremsnts.

aBlope betwesn 2.0 X 10~4 and 2.0 X i0-3 M TaFf—,
hGlope between 2.0 X 10-% and 2.0 X 10-4 M TaF&E—y

cSlope between 2.0 X 10-£ and 2.0 A 10-5 M TaFg—-.
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The BG+TaFé 1iquid membrane electrode was found to respond to TaFé ions.
The response behavior of the olectrode was studied in the concentration of
1.0 X 10—7~ 1.0 X 10-: M tantalum{V) that were 1.0 M in both sulphuric and
hydrofluoric acid. Mowever, the electrode responded linearly in the con-
centration range of 2.0 X 10"8 - 1.0 X 10“2 M tantalum{V) with a sub-
Nernstian slop of -58.5 % 1.5 mV per decade,

The detection limit as defined by IUPAC was found to be 3,68 X 10-7
M tantalum(V). The response time was found to be 20-30 ssconds for concen-
trations greater than 1.0 X 1DF4 M tantalum(V) and 30-120 ssconds for

lovier concentrations.

The electrode was found to give a constant slope during its whole life.

It was also found that the slectrode responded properly over more than two

months. The longer age of the electrode may probably be due to the diffu-
sion of more ion sxchanger from the reservior to the surface of the membrane
to replace that which has dissoloved, if any. Similarly, a fIesh membrans
surface is always produced since it was rinsed and wiped .ut with tissue paper
or cotton wool after each measurements to remove any contamination. Thus

the life time of the slectrode is dependent mainly on the serviceabls life

of the membrane support. This happens because the support becomes defofmed
or clogged with sample debris, allowing, respectively, leakage of the active

material or impedance of the replenishment, causing slectrode mulfunction.

The potential drift of not more than 2 mV was noted during 24 h.
This was carried out by measuring the potentials of fwo known and constant

concentrations of the determinand at least twice a day.
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A1l measurements were carried out at an ambient tempsrature (20 % ZDC).
The response curve was obtained by plotting the measured potential (E, mV)

vs, = log Ci {Fig.8).

The optimumn conditions and response characteristics of the Brillilant
Green-hexafluorotantalate(V) liguid membrane electrode are summarizad in

Table G.

Table 6. Optimum conditions and response characteristics BG+TaFé iiquid

membrane electrode

Parameter Optimum condition/value
Membrane solvent Nitrobenzene
Exchanger concentration, M 5.0 X ﬂ0-3
Satuyvation time, h K13]
H2804 concentration in the test solution, M 4,0
HF concentration in the test solution, M 1.0
Linear range, Ta(V] concentration, M 2.0 X 10~8 - 1.0 X 10_2
Slop, mV/decads 58,5 ¢+ 1.5
Detection 1limit, Ta(V) concentration, M 3.69 X 10_7
Responas time, seconds 20-120
Presision, RSD, (n=6) 2.56%

4.6 Interference Studies

The effects of several diverss ions on the response of the Brilliant

Green-hexafluorctantalate(V) liquid membrane elscirode to hexafluorctantalate(V)
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ion have been studied to evaluate the selectivity coefficient, K??t,

Both the separate and mixed solution methods were employed to calculate
the selectivity coeffﬁcient values using equations (2.31) and (2.32),
raspectively. In mixed solution method squation (2,32), togerther with the

calibration curves (section 2.3), were used to evaluate ngt.

i

anions and some metal ions which form anionic fluoro-complexes in 1.0 #M

The selectivity coefficients, Kp§t, have been calculated for several

sulphuric acld and 1.0 M hydrofluoric acid solutions. The results are

given in Table 7,

The values of K??t obtained by the separate and mixed solution methods
wers not the same probably because of the difference in the experimantal
conditions such as mechanism of the electrode regsponse and changing envir-
onmant of the ions in solution?B. It can be naoted that Kggt values obtained
by the two methods are not necessarily the seme as reported for the other

liquid membrane electrodes79.

No serious interference was noted from Noé, €1, 30;, 8203" and EDTA ions

on the response behavior of the electrode to hexafluorotantalate(V) in both

the separate as well as the mixed solution methods, There was alsc no serious

-

, o™ and Ni%".  This might be due to the

interference due to Mn2+, Zn2+
greater tendency of these cations to form the sulbhates in sulphuric acid

. 80
solutions . The sulphates of these cations are more stable than their flu-

orides and fluoro-complexes,

Fe? and a1®* 81
and Al™ ions tend to form hexafluorocomplexes ', but strong

interference was not noted in the presence of these tarvalent complexes.

4+ 3+

The presence of zr”", Sb°" and As®’ did not interfers seriously. Thess

cations mainly have a strong affinity to form compounds with sulphatesan'82
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ot

Table 7. Selectivity coefficisnts, ng

talate(V]) liquid mambrane electrode

, of Briliiant Green—hexaflﬁorotan-

Interfering Most probable Refor- Kg;t
ion fluoro-complexes
nces
Separate sol- Mied solut-
in 1.0 M H,SO & HF
2 .
vtion method ion method
- . . -2
€10 - - 1.76X10 2 1.00X%10
SCN - - 5,07X107° 1.48X107
10, - B 2,28X10 > 3.54x107°
6+ s -t -
W WFg , 131 1.32X%10 .84%107°
oot CrF H,0 131 9.84x107° e|,33)(1[)'ar
2- - -
e TiF7 80 3.76x107° 7.93x107°
- -5 -
I AgFg 80 3.61X10 7.84x107
cu’? CuFi- 80 4.89%10"" 6.68X10 7
Ct:fz+ CdFi- 80 5-U3X1Uﬂ5 8.4UX10"5
un§+ ngFi' 81 5.61X107 1.99%10”°
Fe”* Fng" 81 2.63X107° 2.97X107°
% ped 81 1,08x107° 2.47%107
B13* oif; 82 1.72x107° 2.86X107
P2t PbFi' 82 5.83%10 "> 3,98%X10°
sn’t SnF42— 8z 3.74x107° 7.07%10">
5+ y -5 -
b NbDFg 24 4.01X10 8.23x10"}
2 - -
ca”" CaFe” 83 8.09x107° 1.59%10"
Boric acid BF; 83 4.51X10"° 9.,98X107°
luoroboric
acid BF " 83 5,97%10"° 1.58%X107°
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There is no information on fluoro-complex formation with Y3+ and La3+
ionsBD. However, the presence of these long in the solutien showed mild
interference for some unknown reason. Though the formation of fluoro-
complex was reported for ng+ there is no structural informationao,

However, the presence of Hg2+ did not impart any interference.

In both separate and mixed solution methods Er3+ and Ce4+ ions formed
precipitate upon addition of hydrofluoric acid. However, formation of
these precipitates did not affect the stability of the potential readings
and their presence did not interfere on the response of the electrode to

ngafluorotantalate[V] anion.

No interference was noted in the presence of VDé by both methods.

This is probably because it undergoes polumerization reactionsaa,

The study of the effect of nicbium is of spscial concern. Niobium,
which also form the oxyfluoro—complexzq, NDUFE-, in 1.0 M sulphuric acid and
1.0 ¥ hydrodluoric acid, showed mild interference on the response character-
istics of the electrode.

Several cations such as.813+, Pb2+, Sn2+, UD2+ WB+, Cr3+, Wi4+,'Abf,.a-

2,
2+ 24 2+ _ .
cu®’, cd° and Ca” form fluoro-complexes of various compeositions . However
the caloulation of the selectivity coefficients is based on the very fregue-
ntly occuring fluoro-complexes (Table 7). These results indicate that thess

ions do not cause strong interference on the response of Brilliant Green-

hexaflucrotantalate(V) liquid membrane electrode to TaFé.
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4,7 Application of the Brilliant Green-hexafluorotantalate(V) liguid

fMembrane Electrode

The Brilliant Green-hexafluorotantalate(V) liquid membrane electrode
was applied to the guantification of tantalum in the real and artificial

samples.

The reliablity of the fusion methed, used for sample preparation,
and of the proposed liquid membrane electrode was first assessed by determin-
ing the tantalum content of an artificial sample of similar compositicon
to that of a real ore, The sample was prepared by mixing the required

quantity of TaZG Nb_ 0 Fe(N03]3 SHZO and MnS0O

5 5Uss SHZD, and the sampls

4
sclution was prepared by proeedure described in section 3.2.3. The
tantalum content of the sample solution was detarmined by the proposed
clectrode using four different measurement techniques; viz, direct
potentiometry, standard addition, sample addition and Gran's plot.

The results obtained (Table 9 and Fig. 12 for Gran's plot) are in good a

agreement with ths actual valuss.

The reliability of the proposed liguid membrane electrode was
further assessed by determining the tantalum content of two Ethiopian
tantalite-columbite ore samples (which were collected from Ethiopian
Institute of Geological Surveys) using four different potentiometric
measurement technigues, menticned above. The results are summarized

in Table 10 and 11, and Fig. 13 and 14.
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v Thus the Brilliant Green-hexafluorotantalate(V) liguid membranse

elactrode can be applied to determine tantalium in diverse samples

with reasonable precision and accuracy.

Table 9. Analysis of tantaiite-columbite artifical ore sample EIazﬂs,

65.5%; szﬂ

5’

1.8%; and MnS0, .70, 1.7%)

31.0%; Fe{NGB]a.SHzo,

4*" "2

Method Ta.,0g founc' * Equation No. used
percent for calculation
Direct potentiometry 65.48 * 0.41 2,22
Standard addition 66.13 + 0.82 2,27
Sample addition 54.83 = d,74 2.31
Gran's plot 65.22 - 3,39 2.32

* Mean * 95% confidence limits for triplicate measursments.

Table 10. Analysis of Ethiopian tantalite-columbite ore sample, No. 334101

(Ta205

certifisd by EIGS was 65.5%)

Method Ta205 founck Equation No., usad

percaont for calculation
Direct potentiometry 64.88 + 0,93 2,22
Standard addition 64.75 + 1.07 2.27
Sample addition 63.82 + 1.34 2.31
Gran's plot 66.20 + 0.48 2,32

* Mean * §5% confidence limit for triplicate measurements.
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Table 11. Analysis of Ethiopian tantalite-columbite are sample, EIGS
sample No. 334107 (T3205 certified by EIGS was 49.5%)

Method 73205 foung® Equation No. used

percant for calculation

1.75 2.22

Birect potentiometry 48,27 =

Standard addition 49.52 + 0.43 2,27
Sample addition 48.16 + 1.54 2.31
Gran’s plot 50.07 & 0.87 2.32

‘

* Means * 95% confidence limit for triplicate measurements.,

4,8 Comparison with other Hexafluorotantalate(V)-selective Electrodes

An attempt was made to compare the response characteristics of the

proposed liquid membrane electrode with other hexafluorotantalata{V]-selectiVB

algctrodas. The reported data are summarized in Table 12.
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